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ABSTRACT  
Currently India is facing power crisis and lack 
nearly 80,000 million units of electricity annually. 
In developing countries like India still the matter 
of power shortage or perhaps outage exists that 
positively affects the performance of 
refrigeration systems. Refrigeration system is 
among the most widely used household 
appliances and a great portion of energy is used 
by these systems. Due to power outage problems 
and frequently opening and closing a door of 
refrigeration unit, quality of food kept in the 
refrigeration system get hampered. And because 
of this saviour problem food cold chain get 
disturb. In this review paper attempts has been 
given on improving the refrigeration system 
performance by thermal storage with 
nanoparticles. The combination of Nano-Phase 
Change Material may maintain the quality of 
food for longer duration of time even though 
power outage exists. This review paper focuses on 
different phase change materials used for lower 
temperature application and as well as proper 
nanoparticles for lower temperature 
applications. The most common types of Phase 
Change Material used for lower temperature 
cold chain applications are organic, inorganic 
and eutectic. Although their high latent heat 
storage advantage, their low thermal property 
calls for the incorporation of nanomaterials. The 
main objective of this review is to study the cold 
chain performance during power outage, cooling 
time period, storage capacity and to maintain the 
constant cooling effect for longer duration during 
power cut off hours using Nano enhanced Phase 
Change Materials. 
     
Keywords-- Nano-PCM, COP, Properties, 
Parameters, Cold Chain 
 
 
INTRODUCTION 
 
Domestic fridge or cold storage is playing 
a critical part for protecting our day by day food and 
it is superior to most of the other conservation 
strategies. But the foremost imperative issue in this 
handle is the exposure of higher temperatures and 
vacillations of capacity temperature produces 
aggregate antagonistic impacts on the quality of 
putting away nourishments, which is the essential 
cause of harm to nourishment promoted through 
retail channels [1]. Within the routine refrigeration 
framework, the compressor works in the ON-OFF 
mode. The refrigerant of the evaporator coil takes 
the cabinet warm amid compressor on mode. Amid 
the off mode of the compressor, the temperature 
interior the evaporator cabinet begins rising due to 
warm discharged by the nourishment additionally 
due to surrounding conditions. This ON and OFF 
make a temperature vacillation (temperature quickly 
rise and drop) interior the evaporator cabinet which 
eventually diminishes the quality of the food. The 
physical and chemical changes caused the 
misfortune of quality of the item. Due to temperature 
change happened amid the capacity period of 
solidified vegetables and natural products, which 
changes the physical structure of that food which 
eventually influence the quality are a result of 
recrystallization and sublimation phenomena, 
related to the stability of the ice precious stones 
interior and on the surface of the items. [2] 
Also power outage is big problem in India 
which cause destruction of food stored in 
refrigeration system like deep freezers. Also 
frequently opening and closing of door of 
refrigeration unit cause temperature fluctuation, 
which effect on power consumption of compressor. 
Latent heat storage using phase change materials 
(PCMs) is one of the most efficient methods to store 
thermal energy. Therefore, PCM have been applied 
to increase thermal energy storage capacity of 
different system [3, 4]. The use of PCM provides 
higher heat storage capacity and more isothermal 
behaviour during charging and discharging 
compared to sensible heat storage [5].Thermal 
energy storage for lower temperature applications 
can be done by sensible, latent, and thermo-chemical 
heat storage. Thermal energy storage by latent heat 
storage is a more superior method and it can be done 
  
33 Page 32-42 © MAT Journals 2020. All Rights Reserved 
 
e-ISSN: 2582-5747 
Volume-5, Issue-1 (January-April, 2020)  
 
http://doi.org/ 10.5281/zenodo.3762969 
 
Journal of  
Thermal Energy Systems 
 
www.matjournals.com 
 
by phase change materials. There are various phase 
change materials are available for lower temperature 
applications viz, Organic, Inorganic and Eutectic. 
Each and every phase change material is available in 
various temperature ranges for a particular 
application. For lower temperature applications like 
Refrigeration and air conditioning, cold storage, 
cold chain, etc. Generally inorganic and eutectic 
type phase change materials are used because of 
long term temperature stability, good latent heat, 
chemical stability, etc. But there have been some 
limitations of phase change material which is used 
for lower temperature applications like low 
conductivity, lower latent heat, larger volume 
change between solid and liquid phases, etc. Hence 
in order to improve the performance of phase change 
material nanoparticles are used. Using Phase 
Change Materials (PCM) mixed with nanoparticles 
as a latent heat thermal energy storage (TES) system 
could be a new option for performances 
improvement of any refrigerating system by 
increasing heat transfer of the evaporator and 
reducing efficiency losses of the compressor. This 
Nano PCM used inside the chamber of deep freezers 
may improve the performances of refrigerating 
system by increasing its compressor cut-off time and 
thereby minimizing electrical energy usage. The 
main objective is to improve the performance, 
cooling time period, storage capacity and to 
maintain the constant cooling effect for more time 
during power cut off hours using phase change 
material. Nanomaterials like CuO, TiO2, CNT, 
Graphene, Al2O3 nanoparticles were commonly 
used for incorporation in PCM which improved their 
thermo physical properties like thermal 
conductivity, diffusivity, specific heat and latent 
heat capacity and heat transfer rate [6]. So reduction 
of temperature fluctuation inside the evaporator 
cabinet, i.e. make a continuous or stable temperature 
inside the cabinet would be the most important issue 
in terms of designing a deep freezer. Phase change 
material (PCM) could be a nice option for reduction 
of temperature fluctuation inside the evaporator 
cabinet. A phase change material (PCM) is a latent 
heat thermal energy storage system which, melting 
and solidifying at a certain temperature. During the 
phase change time the material is capable of storing 
and releasing large amounts of heat energy so it is 
called heat storage system (LHS). Due to the high 
latent heat, the integration of Nano PCM at the 
evaporator side of a fridge may drag out the 
compressor OFF time. This empowers two modern 
critical choices for fridges; to work off-peak and to 
preserve the compartment cold for longer periods of 
time indeed amid control blackouts or power 
outages, particularly tight control supplies due to 
rolling power outages. [7] 
  
Refrigeration System without thermal storage 
 
when the refrigeration system is switched 
ON, the refrigerant from the compressor with high 
pressure and temperature enters the condenser where 
the temperature drop occurs then in the form of 
liquid state the refrigerant enters the expansion valve 
i.e., capillary tube where the drop-in temperature 
takes place at constant enthalpy then the refrigerant 
with low temperature and pressure enters the 
evaporator. In evaporator refrigerant exchanges 
thermal energy with the load in the cabin and gains 
some heat from the cabin then enters in to 
compressor in the form of gas with low pressure. 
This cycle continuous. 
  
Refrigeration System with Thermal Storage 
 
 
Figure1: Modified PCM Evaporator. 
The operation of the refrigerator with PCM is same as that of the without PCM. The only 
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difference is, in the evaporator the thermal energy of 
the refrigerant is first exchanged by the PCM in the 
PCM box as it is very close to the evaporator then 
the PCM exchanges energy with the load in the 
cabin. During the compressor off time the latent heat 
stored in the PCM is yielded to the refrigerator cabin 
thus reducing the temperature fluctuations inside the 
refrigerator. [8] 
 
IMPACT OF THE INFLUENCING 
PARAMETERS ON THE SYSTEM 
PERFORMANCE OF REFRIGERATION 
SYSTEM 
Ambient Temperature 
 
Ambient temperature affects both the 
performance of a refrigeration system and the 
usefulness of PCM. Generally, higher ambient 
temperature results in lower system COP due to the 
higher compartment air temperature [9] and higher 
condensation temperature and pressure [10]. Earlier 
studies reported that by increasing the thermal load, 
system COP decreased even in presence of a PCM. 
The reason is that the increase in thermal load results 
in more partially melted PCM which in turn 
decreases the system COP [11]. High thermal load 
directly affects both charging and dis-charging 
duration of the PCM as it shortens melting time 
while it prolongs freezing time since the compressor 
has to both overcome the thermal load and charge 
the PCM [12]. In addition, very low ambient 
temperature also has a negative effect on the PCM 
performance .The reason is that when the 
refrigerator is working in a low thermal load, 
compartment temperature drops faster (due to the 
low heat gain through the walls) and reaches sooner 
to the set-point temperature; hence, the PCM does 
not have enough time to be fully solidified before 
compressor stops. Moreover, the temperature in 
fresh food compartment might drop below zero. It 
was found that a melting temperature of -30C for 
PCM prevents sub-zero fresh food compartment 
temperature even for a low ambient temperature 
of150C. [13] 
 
EVAPORATION TEMPERATURE 
 
PCM integration and evaporation 
temperature have mutual effects. Due to the high 
latent heat of a PCM giving it a high thermal 
capacity, it keeps evaporation temperature higher 
during phase change which is essentially controlled 
by its phase change temperature [13]. Besides, 
higher evaporation temperature means higher 
evaporation pressure as compared to a refrigerator 
without PCM[10] which results in higher COP. 
Lower evaporating temperature ,on the other hand, 
requires longer PCM freezing time which is not only 
due to the heat transfer from PCM but also because 
of lower COP[12]. It is worth noticing that 
compartment set-point temperature influences PCM 
execution. [14]. 
 
DOOR OPENING 
 
When the door of a refrigeration system is 
opened a sudden thermal load is introduced due to 
air exchange to compartments. Thus, the system has 
to work longer to remove the excessive heat and, as 
a result, its energy consumption increases. PCM can 
damp such a thermal load by adding to the thermal 
inertia of the compartment [13]. The only concern in 
such a case is whether the amount of energy 
consumption reduction due to the PCM dampening 
effect exceeds the amount of required energy 
consumption during its charging. The PCM effect 
was investigated considering automatic door 
opening for 1 min with time intervals of every40 min 
for a freezer loaded with M-packs [15]. The results 
indicated that energy consumption of the system was 
decreased by means of PCM by 6%. In any case, its 
utilization was higher than the relentless operation 
(no door opening) by 11%. This affirms the viability 
of PCM as a warm vitality capacity. In arrange to 
assist examine the impact of PCM on the warm stack 
due to entryway opening, tests were conducted 
with/without PCM for both loaded/unloaded coolers 
[14]. Since M-packs include to the thermal inertia of 
a compartment, the PCM execution for stacked 
cooler was less notable. Besides, the PCM appeared 
promising execution when the set-point temperature 
of the compartment was near to its stage alters 
temperature but for lower set-point temperatures it 
did not moist temperature essentially. This 
reconfirms the significance of the appropriate choice 
of the PCM melting temperature.It is worth noting 
that the available heat transfer area of the PCM 
affects its performance due to the door opening. It 
was found that the larger the surface of the PCM 
panels, the lower the compartment temperature 
variation [16]. 
 
DEFROST 
 
Due to the moisture movement from the 
put-away food items as well as from the air 
presented by door openings, the compartment(s) 
discuss regularly has tall moisture substance. 
Subsequently, the evaporator gets to be iced as the 
dampness stores on the cold evaporator surface. In 
cutting edge fridges, evaporators are defrosted by 
fitted electric resistance radiators, which switch ON 
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naturally amid compressor OFF period by a 
predefined pattern. The heat generated during 
defrost is another source of thermal load to the 
compartments. The effect of PCM on defrost of a 
freezer was investigated [15]. First, energy 
consumption of the base case system without PCM 
was compared to the one with PCM-equipped 
system (both without defrost) which showed a slight 
energy consumption difference. Comparing the 
same cases including a 30 min defrost showed that 
PCM could save 7% of energy consumption. It is 
worth noting that this energy saving was found with 
both lower peak air temperature inside the 
compartment and lower peak product temperature 
(about 30C and 10C, respectively). This potential 
comes from the high thermal inertia of the PCM 
which dampens temperature fluctuations. Even with 
a high latent heat capacity, PCM was fully melted 
after defrost due to the high power consumption of 
the heater (e.g. 250 W). The effect of combined door 
opening and defrost for an unloaded compartment 
was also investigated. The results showed that PCM 
is more beneficial during defrost since it is the sole 
source of cold, while during door opening the 
compressor might be ON and its cooling power is 
much more than PCM (10times higher in that 
specific case) [7]. 
 
Power Outage 
 
In developing countries still the problem of 
power shortage or even outage exists which 
definitely affects the performance of refrigeration 
systems. A conventional refrigeration system loses 
its driving force during power outage and cannot 
keep its compartments cold for a long period of time 
due to the rapid heat gain through its walls. 
Therefore, food quality, energy consumption, and 
compressor durability are all affected by power 
outage. On the other hand, PCMs can store energy 
whenever the system is working and release it in 
case of power outage. It was reported that after two 
weeks with frequent power loss, PCM presented 
promising results during power outage to maintain 
food quality of ice cream and frozen meat against ice 
recrystallization and drip loss, respectively [17]. In 
another study, after 3 h of power outage, 
compartment air temperature was lower in an 
unloaded compartment with PCM compared with 
the loaded one without PCM [14]. Clearly, 
concurrent nearness of PCM and M-packs keeps up 
compartment air temperature indeed lower due to 
the higher thermal storage. It ought to be famous that 
comparable to defrost, PCM diminishes the rate of 
temperature alters for both discuss and items in case 
of control blackout. Instep, once the control 
resumes, it requires longer compressor ON time in 
arrange to energize PCM. By the by, this has no 
negative impact on item temperature [15].In arrange 
to measure the value of PCM amid control blackout, 
a figure called “period factor” was presented [18]. 
Period calculates is defined as the fraction of the 
period when a system is kept up colder than a certain 
temperature by PCM to the period when the same 
condition is held without PCM. 
 
PROPERTIES OF PCM AND 
NANOPARTICLES USED FOR COLD CHAIN 
APPLICATIONS 
 
Phase change heat storage materials; 
isolated as natural and inorganic materials. Natural 
materials are advance classified as paraffin and non-
paraffin’s (fatty acids, eutectics, and blends). Tests 
(dissolving and solidifying cycles) utilizing these 
materials appeared that they crystallize with small or 
no sub-cooling and are as a rule non-corrosive and 
exceptionally stable. Inorganic materials are 
encouraged classified as compounds and eutectics. 
A eutectic material could be a composition of two or 
more components, which dissolves and solidifies 
congruently shaping a blend of the component gems 
amid crystallization. Eutectic about continuously 
softens and solidifies without isolation, taking off 
small opportunity for the person components to 
partitioned. Eutectic blend softens nearly at a 
consistent temperature. Fundamental inorganic 
materials are salts, salt hydrates, watery 
arrangements, and water. The determination of a salt 
hydrate as a PCM can be facilitated by a great. The 
thermal conductivity of nanomaterials plays a vital 
role in enhancing the conductivity of PCMs. 
Nanoparticles were commonly used for 
incorporation in PCM which improves their 
thermos-physical properties like thermal 
conductivity, diffusivity, specific heat and latent 
heat capacity. The volume concentration of the 
nanoparticles plays a vital role in enhancing the 
thermal conductivity of the base PCM. For 
experimentation, CuO (Copper Oxide) nanoparticles 
were selected because it has a very good density of 
6.31 g/cm3, thermal conductivity 33 W/m K and 
latent heat 550 J/kg K. 30-50 nm CuO particles were 
selected because it will give good thermal stability 
and doesn’t allow the particles to settle down. 
 
Table 1: Thermo physical properties of Phase Change Materials. 
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Authors PCMs 
Thermal 
conductivity 
”k”in (w/mk) 
Density in 
(kg/m3) 
Specific heat 
capacity”cp”in 
(J/kgK) 
Latent heat 
of fusion 
“Lh” in 
(J/kg) 
Melting 
temp 
“Tm” in 
(k) 
A.A. Altohamy 
et al. [19] 
Water 0.561 999.84 4.182x103 334 x 103 273.15 
S. Yu et al. [20] Bio-based PCM 0.2 860 --- 149.2x103 301.28 
Shuying Wu et 
al. [21] 
Paraffin 0.2699 900 2.95x103 205.6x103 329.333 
C.J.Ho et al. [22] 
Water 0.62 997 4.17x103 333x103 273.15 
Microencapsulated 
PCM 
0.31 961.4 2.13x103 --- 309.55 
S. Mossaz et al 
[23] 
THERMINOL66 117.6 1007.1 1.6269x103 --- --- 
O. Sanusi et al. 
[24] 
n-tricosane 0.2(Solid) 796.9 156.7x103 2.2x105 329.15+2 
X.L. Wang et al. 
[25] 
C-L Acid matrial 
code (C0.14) 
0.375 (Solid) 
870.8 
1.853x103(Solid) 
100.1x103 --- 
0.372(liquid) 1.891x103(liquid) 
A. Zabalegui et 
al [26] 
Paraffin 
0.21(Solid) 900(Solid) 1888(Solid) 
1.8x105 326 
0.12(liquid) 780(liquid) 2272(liquid) 
R. Hossain et al. 
[27] 
Liquid 
Cyclohexane 
0.127 779 1.763x103 32.557x103 --- 
B. Rajabifar[28] 
Nanoencapsulated 
n-octadecane 
0.18 815 2x103 244x103 --- 
A.B.S. Alquaity 
et al. [29] 
Nanosized lauric 
acid PCM Particle 
0.147 1007 1.76x103 211x103 --- 
R. Pakrouh et al. 
[30] 
Paraffin RT44 0.2 780 2x103 255x103 
314.15-
318.15 
M. Karthikeyan 
et al. [31] 
Nanoencapsulated 
paraffin 
--- --- --- 74.2x103 337.45 
 
Table 2:  Thermophysical properties of Nanomaterials. 
Author Nanao materials 
Bulk density 
(Kg/m3) 
Thermal Conductivity 
(W/m K) 
Specific heat capacity 
(J/Kg K) 
S. Wi et al. [32] XGnp 5.3X10-6-1X10-5 2-300 710 
A.Sciacovelli et at. [33] 
 
Cu 
(Avg.dia. 15mm) 
8954 400 383 
H. Peng et al. [34] 
Al 
(Avg. dia.20mm) 
2688 237 905 
A.Adil et al [35] 
Sio2 
(Avg. dia.12mm) 
2200 1.38 773 
Tio2 
(Avg. dia.20mm) 
1156 8.4 692 
Ilone J [36] SWCNT 2600 6600 
425 
 
L. Fan et al. [37] CuO 6310 18 540 
Elgafy et al. [38] 
 
CNF 2260 1950 --- 
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Table 3: Thermophysical properties of Nano-PCMs. 
Authors Nano-PCMs Thermophysical Properties 
 
Thermal Conductivity 
(W/m K) 
Melting temp “Tm” 
in (k) 
Latent heat of fusion 
“Lh” in (J/kg) 
S. Yu et al. 
[20] 
Bio-based 
PCM/xGnp (1, 3,5wt 
%) 
K~0.274,0.612,0.670 
(W/m K) 
Tm~304.35,303.75 
,302.75(k) 
Lh~146.6x103,144.5x103 
,143.5x103(J/kg) 
Bio-based 
PCM/CNT 
(1, 3,5wt %) 
K~0.410,0.490,.536 
(W/m K) 
Tm~302.35,304.45 
,304.75(k) 
Lh~133.4x103,132.4x103 
,130.1x103(J/kg) 
Shuying Wu 
et al. [21] 
Cu/paraffin (1wt %) 
K~0.2908 (W/m K) 
Cp~2.924x103(J/Kg K) 
P~908(Kg/m3) 
Tm~329-333(k) Lh~183.9 x103(J/kg) 
S. Mossaz et 
al. [23] 
Therminol 
66(t66)/NaOH KOH 
K~132.2(W/m K) at 400 C 
P~1077(Kg/m3) at 20.10C 
---- ------ 
S. 
Harikrishnan 
et al. [39] 
(Lauric Acid 
+stearic acid)/ TiO2 
(1wt %) 
---- 
Tm~307.58(k) 
Tf~302.62(k) 
Lh~173.22 x103(J/kg) 
Lhf~170.19 x103(J/kg) 
M. 
Karthikeyan 
et al. [31] 
Nanoencapsulated 
paraffin 
---- Tm~337.45(k) Lh~74.2 x103(J/kg) 
S. Wi et al. 
[32] 
Coconut Oil/xGnp 
SSPCM 
K~1.3303(W/m K) Tm~300.08(k) 
Lh~82.34 x103(J/kg) 
 
Palmoil/xGnp 
SSPCM 
K~1.2638(W/m K) Tm:~291.48(k) Lh~77.18 x103(J/kg) 
A. O 
Elsayed et 
al. [40] 
(6%Al+6%Cu)/NPG 
K~0.352(W/m K) 
Cp~1.786x103(J/Kg K) 
P~1619(Kg/m3) 
---- Lh~74.5 x103(J/kg) 
 
Table 4: Applications of Nano-PCMs. 
Authors Applications 
Nanomaterials 
used 
PCMs used 
A.A. Altohamy et al. [19] Nanofluid PCm for CTES System Y-Al2O3 Water 
S. Yu et al. [20] LHTES system xGnp/CNT Bio-based PCM 
Shuying Wu et al. [21] Thermal energy storage Cu Paraffin 
C.J. Ho et al. [22] 
Advanced Hybrid coolants For 
thermal system 
Al2O3 n-eicosane MPCM/Water 
S.Mossaz et al. [23] Thermal energy storage NaOHKOH THERMINOL 66 
V. Kunaresan et al. [41] Cold Thermal energy storage MWCNT Deionized Water (DW) 
O.Sanusi et al. [24] Thermal energy storage GNF n-tricosane 
A.Zabalegui et al. [26] 
Nanofluid based PCM for LHTES 
system 
MWCNT Paraffin 
R. Hossain et al. [27] Thermal energy storage CuO Liquid Cyclohexane 
B.Rajabifar [28] Microelectronics cooling Nano encapsulated n-octadecane PCM 
A.B.S. Alquaity et al. 
[29] 
Microelectronics cooling Nanosized lauric acid PCMP article 
J. Tigner et al. [42] Microelectronics cooling Cuo Nanoparticles Eicosane (c20H42) 
R. Parameshwaran et al.  
[43] 
VAV-NTES A/C system for building Ag nanoparticles Water 
S.Harikrishnan et al. [39] Building heating application TiO2,CuO and ZnO 
Lauric acid/ stearic acid 
mixture 
M. Karthikeyan et al. 
[31] 
Smart textile Nano encapsulated paraffin 
S. Wi et al. [32] Building materials XGnP 
Coconut Oil SSPCM 
Palm oil SSPCM 
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LITERATURE REVIEW 
 
Many researchers have studied the use of 
phase change material for lower temperature 
applications but still, it is very difficult to select the 
proper phase change material for particular 
applications of the refrigeration industry. Also, there 
is huge research going about parameters that affect 
the performance of phase change material. From 
literature survey attempt has been given on 
combined benefits of phase change materials for 
different lower temperature applications. 
Tulapurkar et al. [44] - This paper display 
strategy and plan of a novel Double evaporator 
based household fridge with Phase Change 
Materials (PCM) which gives thermal capacity. The 
side-by-side 25 Cu ft. The fridge model with a 
modern double PCM Based refrigeration cycle was 
made & illustrated. The mathematical model for 
Side-by-Side fridge with Pattern kilojoules based 
stack calculation was moreover made and 
illustrated. 
E. Oró a. et al. [45] - This review paper is 
focused on the available thermal energy storage 
(TES) technology with phase change material 
(PCM) for cold storage application. The scope of the 
work was centred on diverse angles: (PCMs), 
encapsulation method, heat transfer process, and the 
impact of capacity on food quality. In this paper he 
had examined almost, Over 88 materials that can be 
utilized as PCM, and approximately 40 
commercially accessible PCM have been recorded. 
Issues in long term soundness of the materials, such 
as erosion, stage isolation, and soundness less 
amplified cycling or sub cooling are talked about 
and Numerous applications of PCM at moo 
temperature can be found, such as, ice capacity, 
preservation and transport of temperature delicate 
materials and in discuss conditioning, cold stores, 
and refrigerated trucks. 
Md. Imran Hossen et al [2] - In this 
experimentation work two different PCM are used. 
(Water and Eutectic solution (90% H2O + 10% 
NaCl) of melting point 0°C and -5 0C respectively). 
The PCM is placed around the five sides of the 
evaporator cabinet. The investigational results with 
PCM confirm the notable reduction of the 
fluctuation of the cabin temperature at lower load 
but at higher load this effect is not so significant. 
Between two PCM, the reduction of temperature 
fluctuation for Eutectic solution is better than water 
PCM.  
Mahmood Mastani Joybaria et al. [7] - 
This paper presents a survey of the test endeavours 
as well as modelling approaches to consider the 
application of PCMs in household fridges. 
Additionally, preferences and drawbacks of each 
sort of capacity are displayed and, the longer term 
and potential promising applications of PCMs in 
residential fridges are examined. A number of 
ponders have centred on the application of PCM at 
evaporator for cold capacity. On the other hand, not 
much has been done on the condenser side. In spite 
of a huge number of ponders, a comprehensive 
literature review particularly centering on the 
application of PCM in household fridges is lost. 
Dr. K. Dilip Kumar et al. [46] - This paper 
presents the comes about of experimental tests 
carried out to examine the execution of family fridge 
employing three sorts of stage alter materials 
(PCM), which have low melting points. These are 
Eutectic salt arrangements, paraffin C14 wax, and 
ethylene glycol. From this consider among all three 
sorts of PCMs ethylene glycol prepared VCR 
frameworks gives superior comes about than basic 
VCR system. The increment in the PCM equipped 
VCR system parameters than simple VCR system is 
actual C.O.P is 4.2%, refrigeration effect rate is 
19.8%, capacity of the system 11.6%, theoretical 
C.O.P 14.2% Economic analyses shows that using 
PCMs in household refrigerators is clearly a cost 
effective method that saves energy and reduces 
harmful emissions. 
C. Kaviarasu et al. [47] - This review 
provides an outlook of various types of PCM, 
choices of nanomaterial for incorporation and 
applications of nanomaterial incorporated PCMs. 
The most common types of PCM used are water, 
paraffin, hydrated salts and bio based PCM. Despite 
their high latent heat storage advantage, their low 
thermal property calls for the incorporation of 
nanomaterial. Nanomaterial with their high surface 
to volume ratio tunes the thermal properties of the 
base PCM. Nanomaterial used for incorporation in 
PCM include Al, Cu, SiO2, TiO2, Carbon nanotubes 
(CNT), Carbon Nano fibers (CNF), Al2O3, NaOH 
KOH etc. In this review work thermo physical 
properties of PCM, Thermo physical properties of 
Nano-PCMs, Applications of Nano-PCMs are 
discussed. 
N. Kamaraj et al [48] - This paper 
investigates the reliability and performance of 
Vapour Compression Refrigeration System using 
carbon black Nano powder (at a concentration of 0.1 
and 0.2 gram / liter) mixed with Polyester (POE) oil 
/ Mineral oil (MO) as Nano lubricant and R134a 
refrigerant.it is mixed with the help of ultrasonic 
sonication. And the results indicate that R-134a and 
POE/Mineral oil with carbon black Nano powder 
works normally and safely in the refrigeration 
system. The refrigeration system performance was 
better than the conventional R-134a and POE oil 
system. Thus the above Nano lubricants can be used 
in refrigeration system to considerably reduce 
energy consumption and better Coefficient of 
Performance (COP). 
S.Geethanjali et al [8] - This paper 
investigates about the performance enhancement of 
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domestic refrigerator using phase change materials 
(PCM) mixed with Nano fluids inside the 
evaporator. A u shaped aluminum box is used to 
contain the PCM mixed with Nano fluid around the 
evaporator. This system has been tested with water 
and NaCl solution mixed with 1 and 2% of Copper 
oxide (CuO) Nano fluid. It has been observed that 
maximum of 78%of performance has been increased 
when compared with without Phase Change 
Material. The experiments results suggested that 
NaCl solution mixed with 2% Nano fluid would 
reduce the temperature fluctuations inside the 
evaporator and to maintain the required temperature. 
Srinivasan Periasamy Manikandan et al 
[49] -  In this study, 23 factorial design of 
experiment was employed to evaluate the effect of 
parameters of hot fluid inlet temperature, graphene 
Nano fluid concentration and hot fluid flow rate on 
thermal conductivity of graphene/water Nano fluid. 
The levels of hot fluid inlet temperature are kept at 
35°C and 85°C, Nano fluid concentration is kept at 
0.1 and 1.0 volume% (vol.%) and the hot fluid flow 
rate are kept at 2 lpm and 10 lpm. Experiments were 
conducted with 16 runs as per MINITAB design 
software using graphene/water Nano fluids in the 
corrugated plate type heat exchanger. The Nano 
fluid thermal conductivity was determined using the 
mixing rule for different Nano fluid concentrations 
ranging from 0.1 to 1.0%. Normal, Pareto, Residual, 
Main and Interaction effects, Contour Plots were 
drawn. The Analysis of Variance of test results 
depict that the hot fluid temperature and Nano fluid 
concentration have significant effect on the thermal 
conductivity of graphene/water Nano fluid.  
 
CONCLUSION 
 
This review is focused on Nano-PCMs with 
their combined benefits from latent heat storage of 
PCMs and high thermal properties of nanomaterials 
have found applications in modern energy systems 
to improve their system performance. On the other 
hand, most organic PCM are non-corrosive and 
chemically stable, however, they have lower thermal 
conductivity, lower latent heat, larger volume 
change between solid and liquid phases. Hence, 
attention is given on limitations of organic and 
eutectic phase change materials by changing their 
combinations and by adding nanoparticles. From 
above literature survey, it is understood that most of 
the above researchers choose eutectic type phase 
change material (Salt type) because it is easily 
available in a wide temperature range with lower 
prices. Also, latent heat of phase change material is 
good; however, due to the incorporation of the 
mixture of salts and water could be chemically 
unstable and may be corrosive. The literature 
focuses on parameters like ambient temperature, 
Evaporation temperature, Door opening and closing, 
Defrosting and Power outage.  Also, an attempt has 
been given on the long-term stability of PCM and 
compressor ON-OFF time. Nano PCM mixed with 
Nanoparticles can decreases energy consumption, 
temperature fluctuation and reduced compressor on/ 
off time. Most of the studies have shown that during 
the power cut time, the PCM can be used to 
minimize the temperature losses as well as 
temperature fluctuation.  From all the studies it can 
be seen that utilization of PCM for lower 
temperature application as shown very successful 
promising results and further it is also very useful 
element for the refrigeration industries.  
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